
-
Ij

NUSC Technical Report 4379

O Nondimensional Steady-Staite Cable Configurations

GARY T. GRIFFIN
Ocean Science Department

DDC

OCT 72 32 '(S. I) j - - , ,.. j

24 August 1972

NAVAL UNDERWATER SYSTEMS CENTER

Approved for public release; distribution unlimited.

NATIONAL TECHNICAL
INFORMATION SERVICE

Encl ( ) to NUSC Itr Ser LA152 L



...... ... .

" ADMINISTRATIVE INFORMATION

Tis report was prepared under NUSC Project No. A-600-70,
Subproject and Task No. PA16180, "Acoustic Communications for
Submarines and Surface Vessels" (U). Principal Investigator, A. W.
Elfinthorpe, Code SA01. The sponsoring activity is Naval Ship Sys-
tems Command, Code PMS-388, Program Manager, R. Raleigh.

The Technical Reviewer for this report was E. G. Marsh,
Code TD123.

REVIEWE APPROVED: 24 August 1972

W. A. Von 'inkre

Director of Science and Technology

Inquiries concerning this report may be addressed to the author,
New London Laboratory, Naval Underwater Systems Center,

New London, Connecticut 06320



UNCLASSIFIED

DOCUMENT CONTROL DATA R & D
t...--' . .I. .. n . ~T~It " '.I l . ! .0.-ttic , - tJ d . , .j..,' .. ... ... I- c, fI-rd elN the ,c'¢tt trp.,rt - . 0..*seltied)

' -~. -c', . , "rp,,ra .i,,th,,j L*. RIPORT SECURiTY CtASSFIC ATON

Naval Underwater Oystems Center UNCLASSIFIED
Newport, Rhode Island 02G40

NONDIMENSIONA-. STEADY-STATE CABLE CONFIGURATIONS

Research Report
fl S'F ,s 'avn ddn,dit :nhit. ta-i, n.,rne,

Gary T. Griffin

......10, A t~L7. OANOO A bNOFRS
24 August 1972 25 IT 4

-. .. ' . '4 90. ORIGINA TOR S REPORTI NUW4rLRIS)

A-600-70 TR 4379

PA 16180 _, __-____ o__ ,o_ ,__...__.... _,_,_r ____..., _-
9t- O)THER REPOPT P1O15) (Amn ,the, nmber.9 that mny be asslgnd

this tepOTf)

.' i$N'014 STAI En NT

Approved for public release; distribution unlimited.

, $Jr .u J.i.. & . oTIi 1i SPO PIISC. JG kqlfTARV ACTIVITY

Department of the Navy

Steady-state cable configuration equations are put into a nondimensional it rm.
Nondimensional coefficients are obtained and then plotted for specific cases investigated.
Further applications are discussed in the appendixes.

DD,ORM1473 (A I) UNCLASSIFUID
S' 'vrlt% Cias% ' (vsati n



/
{UNCLASSIFIED

Security Classification

KE 4RI LINK A LIN- a LINK C

IO3LE WT ROLE W R ROLE T

Cable configurations

Nondimensional

Buoy-cable configurations

Cable-towed body configurations

.I ,

1 I

-° I
I

ff

II
11 I

DD O 1473 UNCLASSIFIED

2"7i -,



TR 4379

ABSTRACT

Steady-state cable configuration equations are put into
a ncudimensional form. Nondimensional coefficients are
obtained and then plotted for specific cases investigated.
Further applications are discussed in the appendixes.
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DEFINITION OF TERMS

a Major buoy radius (ft)

b Minor buoy radius (ft)

B Total excess buoyancy (1b)

c Third principal radius of ellipsoid (ft)

C Current velocity at a given point (ft/sec)

CDN Cable normal drag coefficient

OvT Cable tangential drag coefficient

d Cable diameter (ft)

d* Nondimensional cable diameter

E Cable modulus of elasticity (lb/ft 2)

F* Nondimensional cable modulus )f elasticity

E. Reference ",alue of cable modulus of elasticity (lb/ft2)

L Total cable length (ft)

L. Reference length (t)

s Unit stretched cable length (ft)

s* Dimensionless unit stretched cable length

So Unit unstretched cable length (ft)

So Dimensionless unit unstretched cable length

T Tension (lb)

T* Dimensionless tension

T, Reference tension (Jb)

U x-velocity component (ft/sec)

U* Dimensionless x-velocity component

V y-velocity component (ft/sec)

V* Dimensionless y-velocity component

V l Reference velocity (ft/sec)

vii
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DEFINITION Or TERMS (Cont'd)

W z-velocity component (ft/sec)

W* Dimensionless z-velocity compconent

W, Cable weight per foot in water (lb/ft)

W* Dimensioniess cable weight per foot in water

W. Reference cable weight per foot in water (lb/ft)

x, y, z Coordinates (ft)

AX Vertical excursion of :uoy from horizontal ,t)
axis

AY Horizontal excursion of buoy from vertical (ft)
axis

0,4 Cable angles (radians)

P Mass density of sea water (bfsec2)

p* Dimensionless mass density of sea water (1)

P0  Reference mass density lb - s ec2 \
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NONDIMENSIONAL STEADY-STATE CABLE CONFIGURATIONS

INTRODUCTION

The preliminary design of surface or subsurface buoy-cable systems and
cable-towed body systems is dependent usually on the following parameters:

a. -able diameter

b. Cable length

c. Cable weight in sea water

d. Buoy displacement and weight

e. Towed body weight in sea water.

In particular, the design of the AFAR (Azores Fixed Acoustic Range was
dependent on cable parameters. Because specific cable sizes were unknown, it
was necessary to investigate the configurations and tonsiorx which would result
fro n various cable diameters, weights, and subsarface btvoy sizes. The com-
putational technique developed by Patte, was used to compute 27 cases.

The problem was to present these results in a meaningful manner. The
steady-state cable equations were nondimensioaalized and nondimensional co-
efficients were generated in order to resolve this problem. The results for the
AFAR thermistor array study were then put into nondimensional form and plotted.

Appendixes A and B contain additional comments on further application of the
use c Lhe dimensionless steady-state cable equations.

DERIVATION OF NONDIMENSIONAL STEADY-STATE
CABLE EQUATIONS

Patton' generated steady-state cable equations used to predict equilibrium
configurations of moored surface buoys. He )egan with the cable equations de-
veloped by Cristecu2 and obtained the four equations
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dT

d I -_ ) 2
TAOi p C DT dV jV + Wcos OcOs 0, 1

do .- PcDsdvlvl-w sinocoso (2)

dO i= 7C d VlWl Wc sin 0 1I 2 DNwTcos(o (3)

and the auxiliary relation
T

ds = +- dso (4)

A c mon method for dnlw si

tio commsnto expesthed for deriving laws of similarity from differential equa-
tions is to express the differential equations in dimensionless form For the
case in question, introduce a characteristic length L,, a characteristic vc-
locity V,, a characteristic mass density po, a characteristic tension T0 ,
a characteristc cable weight per unit length Wo, and a characteristic modulus
of elasticity E0 . Dimensionless variables may be defined as follous:

T P

d d s = od L o  S L , o  L ,

t U , V W
U v =-, W

Vo V o  V o

and

E

Here we consider angles already dimensionless.

In terms of the new variables, equations (1) through (4) may be expressed
as follows:

d (T*T) 1 (CT(A1
(p* p.)(CD T) (d* Lo) (U* V,) (U* Vo) , (W:" Cos Cos 0,

d(s:Lo) 2

2
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d_____ )  (Ps p0) (CDN) (d" L0) (V" V.) (I V" V,1) - (WO wo) sin 4cos

2 '
O) (P* P.(C N '( L )I) -( O si (T To cos )

and (T T
d s" LO) = I + - "d s Lo)

(E$ Ed (-) (d* L,)2

Rearranging gives

dT" * I~0
0= -- Cos Cos 62P* CDT0

a -nd -V[ P"CDN dvIvWL.(PLV) -Ws0 cosloa .{wL -
0 1s (wL OlL

d,5 = * D d v*I * I (p. L02L 2 )  W:sin 0 (Woc o)s - 'TO T(wosL.

ds* 2

[4

The final forms of t e dimensionless differential equations after multiplica-

tion are:
dTd p* I IV*+ o ( s (5)

T T

=s I+ Cddj'II co:
dE I . d 0 .'

-- d -I CDd V*IV + W Csn cos (6)

0dsL 2\TJ)

3
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d9 d'V* I
0 L. (ws L\

ds PTo s \ J Tcos 
0 00o

and the auxiliary relation
0Ts T,

ds = I+ - ds
E*-d 0 2  EoL 2  o

40
If homologous points are considered, the dimensionless variables have the

same value for a model and its prototype. Then, for the two systems to be sim-
ilar, the coefficients p. V L /To, w. Lo/To, and To /Eo L2 must be the
same in each situation.

APPLICATION TO THE AFAR THERMISTOR ARRAY

For the no-current condition, the tension at the buoy approximately equals
B. For convenience let the reference tension, To, be

T =B.

The quantity E0 Lo is related to the tension in the cable. Let

E L 2 = r"

where T is the tension at any point of interest on the cable.

To include the effect of cable diameter, let

L 2 = (Lo) (d.)

Then the following ctimensionless coefficients are used in this application:
po LV2 do

a. , a dimensionless drag to excess buoyancy ratio;
B

b. 0 0o a dimensionless total cable weight to excess buoyancy ratio;
B

B
T a dimensionless excess buoyancy to tension ratio;T

, the cable angle in the x-z plane; and

, the cabic :,mv:. in the y-z plane.

4
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By trial and error it was found that instead of using e and *, it is more
convenient to utilize the dimensionless spatial coordinates x/L., y/L 0 , and

z/Lo, where x, y, aiad z are the inertial coordinates of any point on the
cable. One sees that the dimensionless apatial coordinates are directly related
to the angles G and #, which are determined by suitable tzigonometric

*manpub-tion.

CASES INVESTIGATED F(R THE AFAR THERMISTOR ARRAY

To determine the validity of the dimensionless coefficients discussed pre-

viously, a number of specific cases had to be investigated. The problem at
hand was to investigate the two-dimensional buoy configurations of a 2900-ft
long subsurface array (figure 1).

2900

II

/ 300T

Figure 1. Subsurface Array

p 1 5
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The characteristics of the bucy in figure 2 ae

a. Excess bu -yanc- = (L 0 x) gol cable weight in water,;, where x is
the percentage of ext-ra buoyancy desirrAd

b. Buoy shape - ellipsoidal and circular in the horizontal plane (a = c) and
a = 2b. The bun- is filled with 24 Ib/ft s.t2ctic foam.

Figure 2. Ellipsoidal Buoy

The cable characteristics are listed in table 1. In al, 27 cases were

investigated.

RESULTS

Figure 3 gives total excess buoyan- plottea versus buoy major radius, a,
for all cases investigated. For a given cable weight and a percentage of the
extra excess buoyancy, one can find the associated buoy dimensions Z:nd total
excess buoyancy. Figure 4 shows dimensionless vertical excursion of the buoy
versus dimensionless drag for constant buoyancy to total cable weight ratio.

Figure 5 presents dimensionless horizontal excursion of the buoy versus dimen-
sionless drag for constant buoyancy to total cable weight ratio. In these figures,
excursions are the distance the buoy is away from the straight line vertical cc. -

figuration (i. e., static condition with zero current).

6
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table L Cases inyest

Cable Excess Buoyancy

Diameter Weight per ft Cable Length Above Total Uniform Current
. l (bft) (ft, Cable Weight (mots)

! 0.3.,
1.00 I 0.50 00 20 I 0.5

I 0. 15 _______I
0.31
0.5 J 2900.0 20 0.5
0.7

0.3
1.50 0.5 2900.0 20 0.5

0.7

0 03
1.001 0.5 2900.0 30 0.5

0.7

0.3
1.25 0.5 2900.0 30 0.5

0.3
1.50 1 .5 2900.0 30 0.5

0.7

0.3

1.00 0.5 2900.0 40 9.5
0.7

0.3
1.25 0.5 2900.0 40 0.5

_0.7

0.3
1.50 0.5 2900.0 40 (. 5

0.7
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Figure .5. Dimensionless Horizontal Excursion versus Dimensionless Drag
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DISCLSION

Figures 4 and 5 show that the dimensiou:ls parameters discussed pre-voUSly can be calculated and plotted in a reasonable fashion. Specific ap-plicaxon to the 2900-ft-subsurface array is straighgorward:

a. Choose a cable diameter, total length, and weig-t per foot in water, d,
L, and wo.

b. Choose an average uniform current value, C.

c Choose a buoyancy to total cable weight (in water) ratio, B1/w. L.

d. Compute B:

B = (WoL) (1 + x)

e. Comptte

pdC2L

B

. Go to the curve of B/wL = constant with value and find-

Therefore, vertical excursion of the buoy, Ax, is known, and the uoy dimen-sions can be found from figure 3. Horizontal excursions, a z, can be found in
it similar fashion.

SUMMARY

Tals report shows that the steady-state cable equations (1) through (4) canbe rL-onimensionalized and meaningful dimensionless coefficients generated.These coefficients can then be applied to steady-state buoy-cable configurationsana cable-towed body 1-onfigurations. The resulting dimcasionless curves canbe of aid to the desig.',?r and user of these systems. The discussions in theappendixes show that moz e investigation of this subject is needed. Hopefully,
more will be done in the future.

11/12
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Appei A
METHOD o" ISOCLINES APPLIED TO TWO-DIMEM£IONAL CASE

Consider the dimensionless steady-state equations (5) through (7) zgn.

d0T0
Sdd

d4 _ Cosacos IrL 1 6

ds e CDT U ;U ( -T-i 1*.

I pe LX o 5

and,..._.

amP ~ d 1 (P.V. I -re

Consider the problem in the x-z plane only. Then # becomes 0, andequations (5) through (6) reduce to

dT* pV' . - (A-I)-- = V. .C0t A1
ds 2 CDT d* * tUT T cos (

and (T-
d49 (p.Vp2CL.2)(1W L

ao d T - Jr . , TW . (A - 2 )

Note that the dimensionless velocity components V* and W* are related
to the dimensionless free stream velocity by

* V

V* - sinG
V

o

*V

Substitution into (A-I) and (A-2) gives
dT -- t . -Vo sinLo (A-l

ds* 2 CA-Ia

1:
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and

The shape of the solto curve of equations (A-la) and (A-2; can be in-
vestigated using a method of isoclines.4 Onie approach would be to assume a
value for each slope (dT*/ds: and dfIds*.) and solve the two equatiors simul-
taneouslyv for T* and 9, given the values of the dimenionless parame-ters
and assumin suitable values for p*, d* and other variables.

Possibly the following types of curves (figures A-1 and A-2) could 1e mean-
ingful, Pubject to the investigationi discussed in the previous paragraph.

An investigation into this approach is planned as a next step.

W L
0 0

01 0

00

Figure A-1. Dimensionless Tension Solution Curve

costont

0

so

Figure A-2. Dimensionless Angle Solution Curve

14
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TWO SPECIAL APPLICATIO1M

An outline of possible meanigful dimensionless parameters as applied to
bloy-cable systems and cable-towed boay systems is praxnted below.

BUOY-CABLE SYSTEMS

At the buoy for a gi~vn cable diameter, the equations are

T Tb

where 0t S

Tb = tension at the buoy

B = ez.cess buoyancy of the buoy for the zero current condition;
-f

VOL. woL o

where

w, = weight per unit length of the cable in sea water

L0 = total cabie length;

V2L 
2  p0 V:L2

To B

where

P, = mass density of sea water

V. = some average current value;

'1Z

where

A z = radius of buoy watch circle;

15
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Ax

: Lo

where

Ax = buoy draft or vertical distance from initial zero current condition.

CABLE-TOWED BODY SYSTEMS

At the ship for a given cable diameter, the equations are as follows:

T To
~TO T T

To Ib

where

T, = tension at the ship

Wb = weight of the towed body in sea water;

where

wo = weight per unit length of the cable in sea water

L, = amount of cable paid out from ship;

pV 2 L 2  V2

00 0P,00L.

where

P0 = mass density of sea water

V0 = ship speed;

Az
0= s

Lo

where

4 z = distance astern towed body is from fantail;

16
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where

A x =depth of towed body from ship's fantail.

Note that T, /Wb is analogous to he often mentioned "depression ratio," and

Az woL o

is analogous to the "normalized body depth."

17/18
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